(Spooner and van den Berg, 1992). Eleven of the putative hybrids are diploid, six triploid, three tetraploid, (Hawkes, 1963 
S
olanum L. sect. Petota Dumort., the potato and its lia Schltdl. (Hawkes, 1963) . Subsequent field studies by wild relatives, contains seven cultivated and 225 Hawkes and Hjerting (1969) suggested that S. ϫ rechei wild species, according to the latest taxonomic interprewas of hybrid origin between S. kurtzianum Bitter and tation ). An alternative classification S. microdontum Wittm., with introgression from S. speg- (Child, 1990) , supported by morphological and chloroazzinii Bitter. plast DNA (cpDNA) data , classiSolanum ϫ rechei is narrowly restricted to the overlap fies all of the tuber-bearing species in sect. Petota, and zone of S. kurtzianum and S. microdontum. It grows the nontuber-bearing species in sect. Etuberosum (Bunear the northern end of the range of S. kurtzianum, kasov and Kameraz) A. Child, sect. Juglandifolium and at the extreme southern end of the range of S. mi-(Rydb.) A. Child, and sect. Lycopersicum (Mill.) Wettst.
crodontum (Fig. 1 ). All known populations of S. micro- classifies the 223 tuber-bearing species dontum are diploid (2n ϭ 2x ϭ 24), except for the into 19 series, distributed from the southwestern USA presence of triploid (2n ϭ 3x ϭ 36) populations in the to southern Chile, with a concentration of diversity in extreme southern end of its range (Okada, 1981) . All the Andes.
known populations of S. kurtzianum are diploid (2n ϭ While well-developed crossing barriers prevent hy2x ϭ 24) (Hawkes and Hjerting, 1989; . bridization between some species (Johnston and HanneSolanum microdontum, S. ϫ rechei, and S. kurtzianum man, 1980 Hanneman, 1994) , many others are are the only wild potato species recorded from the Defreely able to hybridize naturally and artificially partment of Chilecito where S. ϫ rechei grows. The Hjerting, 1969, 1989;  closest other wild potato species are S. acaule Bitter Johnston and Hanneman, 1980; Ochoa, 1990) . Natural ssp. acaule, S. acaule ssp. aemulans (Bitter and Wittm.) interspecific hybridization has been hypothesized to be Hawkes and Hjert., S. chacoense Bitter, and S. spegazcommon in sect. Petota (sensu Child, 1990) . There are zinii, found in the Province of La Rioja in the Depart-27 diploid or polyploid taxa of putative hybrid origin in ments of Capital, Famatina, and Sanagasta, at least 20 the group, involving both wild and cultivated species km away by air (Hawkes and Hjerting, 1969; Okada and Hawkes, 1978) . tions, and studies of single-to low-copy nuclear were scored as stained.
RFLPs (nRFLPs).
To test for morphological intermediacy, we analyzed the data by principal components analysis (PCA). This was accomplished with product-moment correlations and eigenvectors.
MATERIALS AND METHODS
We used the standardized means of seven plants per accession Plant Material as character scores, using computer programs in NTSYS-pc, version 1.70 (Rohlf, 1992) . These analyses were performed Seeds or tubers from 13 accessions of S. kurtzianum, six of for all characters, and then for all characters except for repro-S. ϫ rechei, and six of S. microdontum were collected on a ductive characters 20 through 22. recent expedition to Argentina (Spooner and Clausen, 1993) ,
In addition to PCA, we used the univariate ''characteror were obtained from germplasm accessions at the Potato count procedure'' suggested by Wilson (1992) and later apGermplasm Bank of the Instituto Nacional de Tecnología plied by Thé baud and Abbott (1995) and Miller and Spooner Agropecuaria, Balcarce, Argentina (Okada, 1974) , and the (1996) . Wilson (1992) argued, on the basis of computer simulaNational Research Support Program-6 in Sturgeon Bay, WI tions, that hybridity based on morphological data could only (NRSP-6, Bamberg et al., 1996) (Table 1) . Vouchers are deposbe distinguished from divergence by tabulating intermediate ited at the herbaria of BAL and PTIS (Holmgren et al., 1990;  and non-intermediate character states, followed by a one- Bamberg and Spooner, 1994) . Plants used in the molecular study (Table 1) were largely a subset of those used in the sided sign test (Zar, 1984). Polymorphic bands were converted to one (presence) and Chromosome Counts zero (absence) data. Only clearly visible bands were scored Mitotic chromosome counts were made from root tips gathfrom one enzyme per probe to avoid over-scoring potentially ered from sprouting tubers placed in moist sphagnum. Root synonymous data from structural mutations (Giannattasio and tips were fixed for 6 h in 3:1 100% (v/v) ethanol/glacial acetic Spooner, 1994) , except for four probes where different probeacid, hydrolyzed for 10 min in 1 M HCl heated to 65ЊC, and enzyme combinations gave unambiguously different patterns. squashed in hematoxylin fixative with added iron mordant
The probe-enzyme combination showing the greatest number (Sharma and Sharma, 1956) .
of bands was chosen for analysis. Principal components analysis of all accessions was performed with a simple matching Nuclear RFLPs coefficient similarity matrix and eigenvectors with NTSYSpc, version 1.70 (Rohlf, 1992) . A random genomic library from the wild potato Solanum phureja Juz. et Buk. was used (P clones) as described by Hosaka and Spooner (1992) . Also, one homologous TG clone RESULTS from tomato (Tanksley et al., 1992) was used, for a total of 15 clones (P60, P122, P135, P209, P256, P279, P298, P307,
Collection of Plant Material
P380, P392, P398, P473, P480, P925, TG23). The clones were
We collected 21 populations of S. kurtzianum from amplified by polymerase chain reaction and radiolabeled with the Provinces of Mendoza and La Rioja (including seven 32 P-dCTP by the method of Feinberg and Vogelstein (1984) . DNA was isolated from 3 g fresh leaf tissue or 1 g freezepopulations from the area of Chilecito, La Rioja Provdried tissue, from bulked leaves of three to five plants per ince) and six populations of S. ϫ rechei from the area accession. Plants were bulked for DNA extraction in order to of Chilecito (Spooner and Clausen, 1993) . Young leaves discover additional putative alleles within the accessions. All of S. ϫ rechei have enlarged terminal leaflets morphoisolation and purification protocols followed those in Giannatlogically similar to mature leaves of S. microdontum tasio and Spooner (1994) , except that 6ϫ CTAB was substi- (Spooner and Clausen, 1993) . Some of our collections tuted for 2ϫ CTAB , and all DNA was were of tubers collected from newly emerging plants of further purified over CsCl gradients. Five micrograms of each non-flowering material that we initially misidentified as DNA sample were digested with DraI, EcoRI, EcoRV, and
S. microdontum, but when grown to maturity later were
HindIII according to manufacturer's instructions. Gel electroidentified as S. ϫ rechei. Because of this misidentificaphoresis, Southern transfers, hybridizations, and autoradiography followed methods in Giannattasio and Spooner (1994).
tion, we did not collect S. microdontum from the imme- diate area of S. ϫ rechei, the nearest population to Solanum ϫ rechei being from 160 km north of the Solanum ϫ rechei range (Table 1) .
Solanum ϫ rechei is a locally common weed within its restricted range. Eight populations of S. ϫ rechei are documented from the area, scattered over a distance of 12 km (Okada and Hawkes, 1978) . We collected S. ϫ rechei from six of these eight populations. We collected S. kurtzianum at seven populations around the area of S. ϫ rechei, two of them occurring with this species. other with no intermediacy of S. ϫ rechei relative to One population of S. ϫ rechei was triploid (2n ϭ 3x ϭ S. kurtzianum and S. microdontum. 36). These populations were from the same general sites
The character count procedure (Wilson, 1992) reas those studied by Okada and Hawkes (1978) 4544, 4548, 4549, 4550, 4552, 4568, 4570, 4573, to be intermediate for morphological intermediacy to 4575, 4576, 4577B, all 2n ϭ 24; Solanum microdontum, be accepted at P ϭ 0.05 (Zar, 1984 
Morphology and Pollen Stainability Nuclear RFLPs
Solanum microdontum and S. kurtzianum showed more than three-fold higher pollen stainability than dipWe scored 80 polymorphic bands from the 19 probeenzyme combinations. Many of the probe-enzyme comloid accessions of S. ϫ rechei; the one triploid population showed even lower stainability (Table 2) . Factors 1 and binations showed similar patterns indicating structural mutations, rather than site mutations, a typical pattern 2 of the PCA for all 22 characters accounted for 48.5% and 21.3% of the variation, respectively, or 69.8% of for some low-copy nuclear RFLP studies (Wang and Tanksley, 1989) . Data from four of the probes (P60, the total variation. The third component raised the total to 77.6% but did not change the overall pattern and P135, P279, P398) were scored with bands from a second endonuclease because they had no apparent redundancy is not presented. Factor 1 had high loadings (listed in decreasing order) on length of terminal leaflet, number of band pattern to the other scored endonuclease. Of the 15 probes scored in our study, one exhibited complete of lateral leaflet pairs, width of stem wing, length of calyx lobe, and color of stem; factor 2 had high loadings additivity of bands in S. ϫ rechei possessed by S. kurtzianum and S. microdontum, and an additional three exon length of first pair of lateral leaflets, width of leaf, width of first pair of lateral leaflets, pollen production, hibited complete additivity except for S. ϫ rechei Spooner and Clausen 4579 (Fig. 3) , the sole triploid and percent pollen stainability. The PCA using only the The distributional, reproductive, and nRFLP data all of S. ϫ rechei and either S. kurtzianum or S. microdonsupport the hybrid origin of S. ϫ rechei from S. kurtzitum. There also were bands unique to each species.
anum and S. microdontum. Solanum ϫ rechei is located Figure 4 presents the results of PCA axes 1 and 2 at a marginal overlap zone of both parents. The species of the nRFLP data. The first and second components is not a chance hybrid located in a restricted site. It account for 54.3% and 17.0%, and separated S. kurtzioccurs in both regularly artificially disturbed areas such anum from S. microdontum, with S. ϫ rechei in an intermediate position. Some bands present in S. microdontum and S. kurtzianum that showed additivity in S. ϫ rechei were present in other species. The other wild potato species formed separate clusters, but with S. commersonii closest to S. microdontum. Solanum commersonii is a lowland species (sea-level to 400 m) growing in northeastern Argentina and adjacent Brazil, Paraguay and Uruguay, 500 km east of S. ϫ rechei (Hawkes and Hjerting, 1969) . The results separate S. palustre far from other taxa, concordant with data based on morphology , crossability (Ramanna and Hermsen, 1981; Matsubayashi, 1991) , nDNA (Debener et al., 1990) , and chloroplast DNA (Hosaka et al., 1984; . as under orchards, ditches, and roadsides, as well as Hawkes (1962) to be of introgressive origin between lowland populations of S. chacoense and S. microdonalong naturally disturbed areas such as streamsides. The reduced pollen stainability of S. ϫ rechei is concordant tum, a hypothesis later refuted by morphological data, single-to low-copy nRFLP data, and RAPD data with prior observations of Okada and Hawkes (1978) and with hybridization between divergent species. (Miller and Spooner, 1996) . Solanum raphanifolium and S. ϫ rechei were both Solanum ϫ rechei shows additive nRFLP profiles of its two putative parental species, S. kurtzianum and suggested to have hybrid origins because of relatively narrow distributions in the overlap zone of their putative S. microdontum. This support must be tempered with the observation that some bands possessed in S. microparents. Initial evidence of hybrid origin was suggestive. The putative hybrids are both intermediate in at least dontum and S. kurtzianum that showed additivity in S. ϫ rechei were not always unique to these putative some characters between their parents, and are weedy plants that are restricted to the overlap zone of their parental species, but were also possessed by the other species examined. Also S. ϫ rechei showed some unique putative parents. While some putative hybrid species in sect. Petota share this morphological and distributional bands. Unique RFLP bands have been documented in the F 6 generation of synthetic artificial polyploids in pattern (e.g., S. doddsii Correll, S. ruiz-lealii Brü cher), others are widely distributed throughout the sympatric Brassica (Song et al., 1995) .
It is unresolved if diploid or triploid populations of zone of their putative parents (e.g., S. sucrense Hawkes, S. tuberosum L. subsp. andigena Hawkes). Other puta-S. microdontum, or both, were the parents. Okada and Hawkes (1978) hypothesized that triploid populations tive hybrid taxa in sect. Petota need to be investigated of S. microdontum were the maternal parents of this more rigorously to document the occurrence of hybridhybrid event(s), but this was stimulated by the collection ization and to understand the relative importance of of triploid S. microdontum from the area, and it is possihybridization in the process of speciation in Solanum ble diploids were undetected. We did not locate populasect. Petota. Our data suggest that some wild potato tions of S. microdontum from the area of hybridization species may be of hybrid origin, and help to better ex- (Spooner and Clausen, 1993) , but did locate the species plain the taxonomic confusion in wild potatoes. 160 km farther north. Nuclear RFLP support for the hybrid origin of S. ϫ rechei, therefore, must assume S. megistacrolobum Bitter, a hypothesis later refuted Giannattasio, R.B., and D.M. Spooner. 1994 . A reexamination of by chloroplast DNA and nuclear ribosomal DNA data species boundaries and hypotheses of hybridization concerning (Spooner et al., 1991) and by single-to low-copy nRFLP 
